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IMMUNOOLQBULIN 2 

Its present faiviMrtiop relates to amefliod fcrths generaiTfm ftf 'tfngT»> t4^ai,> 
inmraiioglofaulins mainann^ txparficnlar, tte present ictveotioaielafss to a lo&tiiod 
£xr HiB gaoeiation of tingle diaia oamaljd Vmi antibodies in a xnammal. Singte diaiii 
i antJbofiesgeaenied using Aeinef^ 
also descaobed. 

^fockennma to flic hiventf on 

The aoSgen. bindbig d <yn«tn of an antibo^^ QOtopiiaes tivb isepaxate legians: a Ineovy 
ishain variable domafak (VH) and a chain vniabk domain CVL: which can be 
VfcEqjpa. ^ V]ambda)r The an%en binding gitE itolf is fonned by ^.f.,: 

S/0l3f? <fiveise primary repertoire of V g^Ltibat et^bde fbi^ yRane^i^^'f:''. 

., • prodocedi by the cambinatoTial reanang&^^'^f gepe s^ueots. ilie ."VHp'^' 

glie is produced by Ob xeccHnbination of tiirea $eae>^ment8^ VH, t> md Jj^, liv 
humans, tfaste ace sapgKoadmaH^ 51 &ncflonal VH segments (Cooik and TomlinaBi 
(1995) £nRnaio7 ZixZegK, Itf: 237X 25 funcdOiiuBl D segments (Cojrbett et al (1997) J'. 
Mil 6!7> and 6 Ifhncti opt d ^ aegments QStjpreUiL et oL (1982) Ck/i; 27: 

593), d^pend&ig on iSa» hasSxri^rpt. Tlie VH segment encodes tha xtsxax of tibe 
polypeptide dxaiiL tbMcIi fiirms liia fnt and second Bntigen blodisg loops of Ibe VH 
dcraiain (tn and H2X ^Ailstlhe Via, D 

azztigea binding loop of fljo VH domaiii (JS3). The Vx. gene is pjwfeced by the 
lecouabinadott of only two gene aegmencs, Vl and Jl- In hinjiaas, &«» ere 
q>pro3dinately 40 ta^onal segments (SchSble and Zachau (1993) BioL Chan. 
Hffppe-S^ler, 374: 1001), 31 fenctional VX scffnents CWniianis «f tt£ a596) J. MoL 
Biol, 264: 220; Kawasaki et O. 0.997) Gatom Res.. 7: 250), 5 Ihaodonal 
segments (ffieter et oL (1982) J. Biol Chem., 757: 1516) and 4 functional segmeaits 
(Vasicek and Led«r (1990) J. Exp, Med, 172: 609), depending on the hqjioiype. The 
Vl segmejrt encodes Ihe region of the polyp^rtide chain \Aich forms fiist and 



secrad antigem binding loops of Hie domain (LI and L2), vddlst tte Vl and Jl 
segmaxts combine to jSttm fbe Ihird antigen binding loop of the Vl domain (LS). 
Antibodies selected fiom ibis priznaiy zqy ertoiie axe believed to be sufiEcieatly diveiBe 
to bind almost all m&B/sm vASi at least moderate afBni^. TB^ oGSnity antibodies aro 
5 produced by ^^ffinfty matazatioii" of 4ke xeananged gsnej^ M vMA pdnt npztations 
are genoated and selected by -die unmona system on the basis of inxpraved Trhiding 

Ilie beanry otedn locus COdtsdns 
^ con^Iete genes birt coop^isising s first rim^Tng eacon phis lianscnptioDal staxt site) that 

are recombuied onto two short coding xegions D and J Qsnxyvm as VDJ recombination) 
10 v*idi prooede the exons diat code for the constant xe^on of tJxe tcavy cbain Cjt to 
grjiVB a complete antibody heavy cfasin gene known as IgM. Snbsequendy a class 
V ^> switjcihtSt!^ 

^> . (cbd^^^iy tho eoc<*a^ of the various C5,Cy,Co^Ce loatc^|^?^^ gene : - 

• 15 for !Cip|^ intdr^BDing constant regions are deteted in.tibe^f^^. A sixn^ process .. • - -Miit 
' ta]k:es plaice in the Iz^ 

productive an'dbody in ^ X locns (fiar review see Rj^ewsfci, Natute 381, p751- 
7SS» 1996; for an eisEieDsfve r^eiw* see lite teocfbook hnmunoMology, Janoway^ 
Tnn^ Walport; Capra. Cnnent Biology Piibficatians/CSmr^ifil 
20 UvIngstxme/OadandPnbU^^ fbarOi edition^ 1999, ISBN 0-8153-3217-3). 

PflwrfiHg (nsimftlg^ rirrtnwrfHTy ami Wamaft) cnntain^ in addhjtm to nonnal heavy aaid 
light chaxEL anfibodiea (2 ligbt chains artd 2 heavy chains in one antibody), singje diain 
antibodies (containing oniy heavy chains). These are coded Ibr by a distinct set of VH 
segments refenred to as "VIS! gra.es« Antigm binding Styr sbgle chain antibodies Is 

25 different fx>m that seen with ooinveDlzonal a^ 

saiue way, Le. throngh IrypeinrutEtion of fh^ variahle region and selection of the ccUs 
expressing snch high affinity antibodies (affinity maturatioii). The VH and VHH are 
interspexscd in the genome (i-e. they appear mixed in between each, other). The 
identificadon of an idenfical D segment in a VH and VHH oDNA suggests the 

30 cotnmoiinseaflfaeD segment £QrVH and VBH. Natural VHH contaimii^anttbodii^ 
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aremissing the raiiire OrI domain of fhe constant region of "ftifi heavy chain. Tb& exon 
co^g for ihe Qjl domain is piescaot m the genome bet is spliced oxtt due to the loss of 
a&nctional splice acceptor seqpcnoe attbe 5'sid© of tbe Culexoii. As aresiift the VDJ 
X6^m is spliced cnto Hje Ch2 «ocu Wbest a VHS is recomtTined onto socfii cocstazit 
xegtons (C^ C^) an antibody is produced tfast acts as a single chain antibodt/ (Le. an 
antibody of two heavy chains wifliont a light chain intecactioa), Binfing of an aatigpn 
is dififezent &om ftvat seen vnXb. a conventional asxtibody^ but fa^ affinity is achieved 
file same -way, throng hypeimutation of &e vadable region and selection of ^ 
ceOs expressing stkc^ alSnity antibodies. 
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Tbe structure of isolated YH domains has been detexmixbcd nshig NMR and X-xay 
crystaUogr^hy te<^qQes (Spmell et al, (1996^ Nat Stmctaraa bioL 3, 752> Dat^ 

.l^ot ihej^ri^^ &Id IS weU preserved^jba jCamelid \fHH domaiDs, TW«y )> 

i^jtots ipj^ vAfh Jfcnr and one vnOx five beta^Mids) ar^^p^dced against ^ea^/ 
. 9jifir and stabilised hy a conserved intm^nmait^ di^^Hde bond foetweea C22 a^*>^^ 
<g Ihe side of the camel VHH domain oorrespoi^g to the VL int«ri&ce of th^;^ 
nioiriEial VH in an Fv Iia$ a quite diSerent ardbiteotuz^^^^t^^ to the hmnan VH^ ' 
fottr amino acid anbstftutims aie located fa fhig yr^ on 



30 



and mouse VH antigen binding loop stmctmes; it is 
restricted iramber of possible coitfonnatlons. Three and 
are d^cadbed fcr die first and seoouad aixtigea bixtding 
stxaotores are deteiznxned by the kngdi of the loop 
residues at key podticns. The H3 loop is extremely 
(Wn et al (1993) Proteins: structore, fimct and genet, 
Unm^ loop of caoK^ VH domains deviate fiom the 
inman and monse VHH domains. This deviation coxfld 



From a sorvey of all hmxm 
^parent that there are only a 
&i»r diTTcrent conjfonxiotiQns 
loop respectively. These canoitdcal 
and the presence of particular 
vadable in length and sequence 
16y 1). Snrpdsingly, the andg^ 
canonical loop definitions of 
not be predicted as *Bie loop leogth and the re$idaes at the Icey positions are very 
sunilar between camel VHm^ structoxesin 
camel VH domains make Ifae rtructoral repertohe of their paxatope larger than tha£ of 
VH domalna ia Fv ftagpjeaits fiom conventional antibodies* Moaceover, the 
hypervmiable xegion aionnd dke &at aixtigen binding loop is enl^tged cozcpsred ^vith 



4 



Irnznan or moTise antibodies. It itoxi^ ihst the exteaisiQii of the fiist Iisnp^:ya£ifible 
legian and ccmcoxnjitaiit enlarged antigen bindbog cm&co caznpaied to that of aVH in 
a ogtma nHo D ft l antibody coo^easafes in part &r ibe absence of a Vju domain 
(Wedmiann, L. ^Mnyldennans, S (1999), 231 25-38). 

5 A 6ingl& domain cami^d VHH andbody as "VffdSl as being more suitable fbr stxoctuxal 
analysis than the larger heavy and h^xt chain antibody molecoles, also provides a 
fiman and e£5cicnt antigen bindmg nnxL Such an antibody has many and vaxied 
ibsxapmSc poteaxtial. In add-on, it Ims been Sound tibat carnal amgle chain 
antibodies can bind antigens wUdx axe iaaocessible to antibodies possessing bodi 

10 heavy and chains. It is flion^ ftat Ibis abili^ is doe to the piesrace of a large 
protnidixxg tbzrd hjyperVfidabla loop of 10 amino acids or mote vdndh can insert into 
cavities;(nf antigen sur&ces. Ibis is especially dgnificant; bs die catalydc ^ of an 
-.jggz35^|p^ Itijg^ted at the latigast cacvity on fbsSi prot^sarfecei^^.^^ tb^?^^ 
(i!?9j^* 5^^ Science 5, 2438). Such sites are notii^|m ^fef % 

15 eonve^onal antibodies (Novotny, J et aU (1986) Proo Nsff^^ad Sd USA. 83, 226). In i^C 
the strttbtnie of the camel VHH cAJb-Lys3, iho 24 xesiduetfi loop penetrates deeply * 
into the activ© sit6 of lysoayme (Transom, R et al (1998) Prot: Structore, Punct and 
Oeni^t; 32, 5 1 5), sho^ving that Camel heavy chain antlbodie^r have the potential to fbtm 
speoi&o en^fme ziihibitaES. 

20 

Recendyr isolated Camelid VHH domains have becax geddierated in bacteoa 
(EUednnaim, L et al. 3<mtxsi of Immtmological Methods 231 (1999), 2S-aS). However 
bacfiBdal esspressidn systems bav9 fto disadvantage that diay do not pezfomi post- 
translattonal modifieadons. Such xdodzficafions, in particnlar glycosylation events* are 
25 crucial for the efEective functioning of antibodies, paxticdarly in an in vivo 
esJtvirOnmcnt. 

in the same study, the genes for Camel VHH domains were inserted into expzcssicm 
vectors and expressed in Cos cells to generate mudti-doniflin proteins* In one eacampte, 
30 an intact dngle heavy chain only antlboc^ was generated by cloning a pardcolar camel 



YfcLtl infmpl: of Ihe fainge and efifector fonctioix domains of haman IgGl. Th^ 
exfwtessionin Cos cdls has tiie advantage over bacterial eixpression sjs^tecos that post- 
ttaoslalion&l mcdificdtioii evetits occur in these cells» Consistent wifh ibis was iha 
fixtdingtiiatthesd antibodies wcrofiillyactiYomaol^gmM 
5 generatiaii of feeae oopstrncts is generally isolgted ftom mgiiirft gfefhogg TufMcK ^^y ^ 
mijdexgDiiQB afiSni^ 2ztatnration) aaotibodies geaerated fiom B cdls. Ahhoiig^ 4cse 
single cbani aiztiboc&es expressed 

bind to one or x0Ore wdgens^ llu^.GaauiOt lutdezgo liie processes of class Qsotypo) 
switching and nfifrnfty matoralion ONyp^raiutatio]^ Thus the 6i£tgjle 6bain antifaodies 
10 eoqiTBfisedinCosceUsdoxiotiXDdte^ 
nabzaliy oocdmng ant&odGtes geoi^^ 

antibody wolvoSan wMch xosulte m the production cif specific antibodies vAxtdi \mji 

i^M'- ^ genecai^ timxWBH antibodies in imammal snohft#d^iicnni£l . '^*^>^^ ' '^t!^' 

'^^^ • • I^cesse^q^l^S^ _ ■ -^^-^^^ 't:.'^^#^ 

In. addition CimeUd single cham antibodies have also bean selectt^i^iH exjarcssed ' • 

ushig phage display technology. (Riecihinaian> L» Daviea, JJ3ionioL NMR, 6, 
141), Again thon^ the antibody coostracts are generati^d finom nncleic acid isolated 
20 fiwminatareB cells or ^leen, and there 

expre^ed do not undergo dass svyitching and somatic bypemratatioii (afHnity 
mataraiion) vMch is necessary for Ihe production of specific antibocEes which bind to 
their astfigm Mfxdi selectxv^^ 

^nio present invTOtois realised ifaat if 4ey c^ 
25 oamelid single cbabx autibodY molecules evolve (by claaa-awi ix^iTtg smA nfflm^ 
DoattBration) during eacty antibody development in B cells, then fliis system may bo 
recreated in vivo. This would allow the graieratioE of vast qnamitles of an evolved 
single chain antibody for stmctuial, iherapeudc axid diagnostic appHcaiioQSi. 
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Smninaiy of HiB Inveniioii 

Aaabods xooleoibs yMch. conpdsd bo& heavy and light chams smirh da^es dudng 

B-oen devdopmeot I)«relopingB cei^ 

boimd During dovetopmao^ 
5 possessfaigb<rfhli#rtandbeavydiains,aJgc^atti5iB^^ 

pcodiiceanI^<»inprisiagVH,DfflidJt^^ 
matines by switciiiigto ftdifEerenthe^ 

^,>TnpTft ThR merfifliriam rfreuuii i b i iiflfioii lavtritves apseudo lig^ d»«n 'which 
re<»mbtofis witiithc VH part of IgM. flie pseudo-H^ 
10 odyBcellliaeage. 

Tliepreseitrt invealois i^edihatiiiider^ 

j^iTrtion) ^^^S^U de^lpmaxtwould allc^w a VHH Jocus asf^ defined? 

^^ody^(iBdxmcfeigowaprobessofewoluti^ 
antibodies pxodooctdiinli^ 

Thns, in a fiist aspectthepieseatiiwenfic^ 
VHH singleheavy «Aaiix antibody in amaim 
jjo betnologpns VHH heavy dain locals in that mamniw l. . 

PiefaaHylheVHHheaRyoaiainloOTScam 

(a) at lea« erne VHH region each conipriii^ 

each con^fflsiBS one D esoji and at least one J region ea^ 
whardn fee VHH region, fte D and the J region a«e c^>a^ 
25 to fbaaVBJ coding sequence 

r 

(b) a constant heavy chain region comprisijig at lea^ 

geae» and which when expressed does not express a fnnctional CHI domain nor a 
fimctf<U3alCH4 dimiain. 
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(o) Bt lesst one r^mbinatiaii sequeace (iss) capable of cecombu^g a J TOffon of 
step (a) direcflywithaCyc oa stacttea^ cjiain gene of step (b). 

and whicb. locus irvheaa eaqxcessed is capable of fbnxkiog a complete single heavy 
clnm ]gO molecule (scIgG). 

S In a fimber asp ed, fte preaed mv^on provides a metbod for fbe prodoGtion of a 
cdindised ^^EI sjotgle heaivy 

Pis£»blyp file camdxsed VH hd^^ 




Cb)a cansteat heavy chain x^^oa cCTiTprtefag at least one Oy constrot heiavy dhmi 
15 Sfio^&i, aiid iivbidhvrheQeaq»^ domaxa iior a 

ibncdQnalCH4 dcmiazn^ , 



(c) at least one tecombmodoiL sequence (rss) cq;>able of reeoinliribddng a J region of 

r 

Step (a) direody vvxdi a Ct^ constGoit 

20 ];gQxaoleculc(dc^). 

The prcsont Livaikin» have shcrmx that in fiue case of szngle heacvy diain antibodzes, 
cda^ switdbing deems to ^bims^^ (aCK^plete^iiglehed^O^chate 
polypeptide chaia). This mrohanism urrolves reconabinmg the I region of step (a) 
direcdy wrdi a Cy heavy chain region gene of the constant heavy ohahi region of step 
25 (b)> pre&rably in the bon^ nianow resoltmg in the generatioii of a scIgCT (sin^e chmn 
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IgGmQlec;al&). The pocesence of the leo^binaQoa sigoal seqn^e (xss) in the 
ooDfittucty fhieacejfore peonits ibQ connpctiop of fee J nsgjoct of step (a) cfaectly to the Cy 

laihe co;cite(3d: of the piesea^ 
5 mammal is adt^aiitageo^y saoiallar&axi a csondid and easiexto maigtain and 

fmnmnise with desired azctigecis* Ideally^ lihetiBxidgCTic in«^yf??!l is arodesit> sooh a. 
rabbity guiixeapigj^ rat or mouse. Mice are Alternative rnammals, 

mdodiag goats^ sheep, cats, dogs and other domestic orwild Tnarrrma^ may ^iso he 
employed. 

10 AdYartaLgsovalyhs^ 

a sii^e chain aotibody ^ 
inv^on. Smt^le tedhdEdqi3M 1^ at!«^ desGxibedin WO0D/2fi373 or ^ 
h^^m3266imA (Li and S^fcet^^ Genres IseCQ: 809-821; Kitamma and 

15 Tltetenn a *VHH single heavy antibody' eccording to the present mventicm X; :e 
meaus an a^xtfl^odymolecole which i^cojci^^ 

and does ncft compdse any light ch^dns. Each heavy ch^ compxises a variable region 
(eiicodedbyVHH^D Bsd J6X0Qas)ai^ The constant region fucth 

comimsesanamberof CH(coxistantbe^^ advantageously it 

20 comprises two! <me CH2 domain and one CH3 domain encoded by a constEoit region 

gene. A VHE smgte chain antibody as herein defined does not pos&ess a fbnctional 
CHI domain and also a fimctional CH4 domatou It is ihe laok of afunctional 
CHI domidiia (which in coaventioaMl aaat^ 

con&rteait domain of the chain) "v^di accounts &r the inability of the heavy chain 
25 antibodies accordBng to the pxesesit xnvmlion to asaocaaue wiSx I^bt chains to &ebi 
conventtonal aidtbodies. 



Tb/^ texm ' a c^meUsed VH single hea;«y chaza antibo dy^ according to -fiie present 
invendcHL means an andbody molecale wldch is cxsmposQd only of hean^ chains 
(geaeiany tvvq) and does not coni^mse ao^ 
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varable i^ion (mcod«l by *a oameKsed VH exon/ s*, D and J exon/s) and a constant 
regio&L Xbfi constszxt region compnses at least one constant region gene. Each constant 
regikm geijus conQsises a number of co]^^ 

constant wgiGn CH domanu Genetally, ibab consent legion oonqmses two CH 

antibody as herdn defined does xu^ CHI domsdn^inaddidaiiit 

BlsoIadksafuncdonalCH4doz)QaiiLlti9l^^ dcmsSn(yibic!x 
inconveotioiial antibodies possesses tho anchoring placo for the cxi^^ domdiix of 
fbe li^B^ chain) irincta accK>im^ 
10 accordxDg to tbe present iD:vendQn to associate -with Hgfat chains to fbzm codiviedlio&al 
antibodies. 

In the context of the present inventioo, fbe tenn ^beterologDos' mems a VHH lieacvy 
chain loans ak bcrein descxibedl wMch is:^f eobdogei^ tibat mammal. That is in the 
case wli^ memaniib^ isacanieU^ dr a Uama, then the cKpression ]3 of a 

15 VHHlocniiiT^^ 

.'i- ■ . .. 

■ •••• -v . . ..?r,-. ■ . • ■ • 

A "VHHbeaysrciiain locos' accotdizigtothepxeseQtisvQntionxs,ca^^ 
* VHH res^on% a *Jt xc^on', a xeg^in^ and a 'constant liteavy chain legion* . Bach 
VHH region cbinpises one VHH Jxegxonone J exbnandeachDr^^OiL 

20 oneiDcaxw^yaodeaohheayyc^^ 

constant jcegian genes. In addzticHi each VHH regjiaii essentially does not coarse one 
fuQcdosial VH exons. 

A 'VHH exxKn/regum* in -be context of the present invention descdbes anatoiBUy 
25 ^oooxurtog VHH coding sequence such as feose found in CflTnofids and any hamologue^ 
denvative or fragment thereof as lor^ as the resultant exon/rcgion recombine ^mth a D 
exon/xegion^ a J exonAcegion and a constant heavy chain region 
^ several exerts) according to thci^rcsentinyentionto generate a VHH single chain 
antibody as herein defined, -when the nucleic acid is eacpressed. 
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A 'canjdisedVHLravyciiam locus' acxordixigto&epieseiitiiiventicmis comj^^ 
of a *a canxdisedVH region' ashBTMn defined, a 'J i^gion'^ a *I> regioxi'' anda 
^coQstast heavy diam regioii\ Eadi camelised VH region coixipzises one camelised 

cfioinconsmstregioiicoiriprisescAe or more heavy diaui eoo^rtant^ exotis. 

A ^camelised VH eKonA^g^on' in Ifae conteKt of ifae pteseot isnreaotioa describes a ^ 
natutaUy occoniiig VH coding sequence derived fioQx xnaanoals Q&isr than Camidids 
fiirexianiple ahmnan wludi hasibemni^^ 

liiac of a CBmeSid exon. A cameilised VH excn accotdizig to flie preswt nxvendon also 
melodies livifinnits scope any bomologoe^ dttrivulive or fiagoxexxt of tha exon as long as 
tbe axoD^gion can zecoznbxne vtn^ aD z^giozi/e^Qn, a J re^os/excn and a constant 
heavy chain re^on oon^pi^^ one or mare^j^dns accord!^ preseodt inventioi^ to 
generate a cjfttifelised VH s^pgle chain asid^ obiBned. 

VHH and VH dcons m^y h& derived from naterdly oecimbg sources or they may he 
syufiiesLfiediisnlgme^ familiar to tbose sailed in the en and described herenu 

likewise in the context the pi^eseart inve^ 

include naturally occumxig sequ^^ of D and Jexxms which are found in Camdids 
or other species of znanunals. Ibe terms D escon and J eacon abo indhzdd I9ns3nm 
^pe denvatives^ homoIogQes and fiagmenis th«a:eof as the resoltdzxt exon can 
recoDal»n0T9i11ifte remaining components of a heavy chain antibody bcus as hfireLa 
descxibed (d&ercaznelised VH or VHH) to generate a sin^ chaktairtlbody aafaereni 
desetlbedL D and T emnaAcepons maybe dexived &om naturally oecordng sources or 
th^ may be ayndiesised using m^iQiods jgwUiar to those sldUed inihe art and 
described herein. 

In additLOEu^aheayy didin antibody locus according to thepxesesit hxvemion (ei&sT 
VHH or camelided VH) comprises a region of DNA ^coding a constant heavy cfaajn 
polypeptide (a constant heavy diain region). 
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T^^ ftli constant heax^ diainregioa essentially composes at least one constant xegion 
heavy diain gem wMchis Cy, so {faatgeoeralioQ of single chain IgO can occur. Eadh 
constant hea:9y chain gene coxopsises oneor more constant l^eecvo^ dbainexoos ^^^^ 
may be of Cemelid or non-Oamalid oii^ and azo selected ftom the gcoup coast stxi:^ 
S of C5» C3yi^ Ca and Cai^Pteferahly, at least cme heavy diato constant reg^i^ esfion in 
ahfisavy ctxasaantibo^ loons aocotdlQg to.the pic^cut invention is of faumanj moose or 
xaKfait origin. Advantngeonsly^ at least one Cy heavy chain exon is of homan origm. 
"When expressed fheconst^hisavycbaiare^^ andCH4 
domain vMdi are present bx dual ohaia-antibodies. Advart^eonaly^ only on© or more 
10 Cy2 ^Xid/ot OyS genes ^wjcth modified (noDrfiiQcticmal) CHl domains are present in the 
constant heavy chain region of fbe presexxt invent 

A ^constant heavy ch^iz^eg^an ca?^'' CCi exon*) a^^ein defimM fachides the 
seqiimces of natmral]^ auoh^^fi^lifeund in caineKds or hnnriftn^i 

IS or «rti*>r ^«^rn^w iTii&Yi^ng rablrfi^ and roice. The tengKCn exbtf also ixicludes vvifhm - 
jets scbpo dedwEt]ves,'h^^ 

aide to fonn a.functliSi^ sine^ heavy chahi andbody (coiipd^ either regions 
ezsocMled by VHH exons or canK^^ 

f*^ytnporiffinf fff ^ *^ft*^gtMmf Tt^avy chain, mgion- 

20 

Generally, Ck gcoea ooxxqpzise three or fonr exons (CrI-Ch^) tfxat encode differ ena: 
<^^rni>^? of each oonstant heavy cb^ polypeptide^ vhSol generally polypeptides 
ly^i^fiTritig a mngte liftgvy chain antibody as heajean described. However, as discussed 
pTflpffflMily^ VHH egmaK^d VTHT fijg^fe Aain antabodiBS do not posaess an 
25 finicdonal CHI (containingihe Unchain dcWsin axKDibozing region) or CH4. Thm. 
single heavy chain antibody loci according to die present invention possess one or 
more genes which do not express fbnoticinai CHI or CHA d om^ THR i This may occur by 
mutstioiio delation substitated or other treatment of the CHI and CH4 exons of 'Sue 
constant heavy region gene. 

30 

In aprefeized embodiment of Ihe nxveption a sis^e chnin YHH locus comimses at 
least one consf ant heavy chain gene wherein the nucleic acid encoding the CED and 
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the CH4 domamis imrfated^ dieted or substituted or olhex^ 

Constant heavy chafn of expre^^ed VHH sii:igle diain anfibodies as laszem Hpfitw^ does 
xtotoantamafoncdoiialCHl dom 

Foot the Evcndapc^ of doabt, the tarn ^xafaint orism'* or ^biman ad^:E^ as lefizxed to 
abovQ^ means that &e xmoleole aoid seqciefice of one or me»re esons cofi^rislng aheavy 
chaia antibody looaa (i^tlber camdised VB, or VEDEI) a c co rdi ng to the present imventioii 
isdiesaxneasoDeorEnoxenaiiira^ exons. 
Oxio ddUed ill tiio ^ a|)pieciate 
soixices or may be syiidiesxsed Tiia^ 
deacnbedlndb. 

Each VHH or ^camdised ^^/5eBx02X^<X>^^ one YEDI^qga OK *cameli5cd VH 
exon^ xespecdvely. Each Jfijp^on and^|^^oii con^^ D- ekoia 

t&&pec&vcly. Tr&Sbteibly^e^^ diaip locus comiitns^^ than on^, more tban 
2y more than 3, more thanf^j, |nore than 5^ more than 6 J ^J0fr D regxons/exons^. Most 
pDcefemMy^ a VEOBL locos pi: o^mdised VH locus acwrdin^td the prraeaxt inwrdon. 
comprises &e seone xztunbcr of VHH exons/regions and/or D exons/teglons and/or J 
e«x>nfi;Ae^02i$ as those finmd in a 

Advantageously, tbe method of -diis aspect of the present mvcation is for the 
pEOdntAojx cf a single chain antibody by the expitession of a VHH bea^ dhahi locos or 
cffTndi.sed VH heavy chain loona OQzzrprisms One ormcnie constant bea:sry chain exons 
of bnman, xabbit or monse ozign. as hfei^ defined. That is^ |»tifisffably a heavy 
dbain antibody of tibe present ixxvaotiQ^ 
cameOd/Eminan loct^ cr a hybdd cat^ 

locos. In an esfpecially jrofbcied embodiment of -flds aspect of the invention^ "die single 
heavy chain locos expressed acomdiBg to Ifae meftftd. <vF p^iftftA^^ ji^tfy fti>tj} An 

conges aU VHH exons of CameM odgin 

> 

regicnx eKons dnaiman origin^ rabbit or mo^ 

embodmient of fibte aspect of die iuventi(HL> tiie single heavy rjhmTT locns expressed 
according to die mediod of die present invention compdses ell cameiised VH exons 
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and an J and constant beaivy diam leglon escnis of humsQ origui, or labbit or mouse 

In a pQcefecred embodimetds of tbe above aspects of the inveDtioti, fhe heavy cihaia 
lotus £z[th6r eon^ftfises one wmore ca^ette ates eaaabling the direct cassetting of the 
loetis Sxaa ood ir&citox to anofher . AdvantageonsLy, cm ot more cassette sites are 
located in ^ 5* leader seqaence of Oc locals and/or the 3' nntrnTislalyy! zegion of lOue 
locos. P^e&tahSy, or mne cassettes sites are located in both fhe 5 ' leader seqismoe 
of &e loeus andlfaeS* nstcanskted r^on of the Iocas» The diiect cassettix^ pemuts , 
far cxBmpbs^mQy^m6tA of nucleic add into a baetedal taxptesisiOfa vector £bir the 
addxtLon of tags, signals and the like. 

This approach of gezzeoraQxig ixybfid, ^^^^ h^ayy <^j23si mJSbo6x^^m^&^T^ above 
maybe of partictdariise in^ gen^r^on of £^9il^^es.fbr hp^^ use as 

often the admrmstranonof aiitibodi^^ spe^esof vert^bxdte /i^^c^^ 

fhe source of the antib(^d|^ results injthe onset of an im^xine response 
administered antDxxli^f Hybrid camelid^hxunan single cham antibodies 
axe iherefoie poteotially less hmnmogemc than Camdid single chain axrdbodies "whea 

In the cozilext of the present hxventioii, th^ 

Snbstaixiially 1b& same meaz^ greater than 80% homologotis, probably greateor than 
85%, 90%, 9S% homologoas. More pce&xably greater than 96^ 97, 98% homologous. 
Most preifierably^ snibstantiallr d^ 
greater than 99% homoiogoiis vin^ 

Id a &rther aspod; the present inveirdan provides a single heavy daain anfflxidy 
obtaxsable accoidnig: to the method of the pres^ invention herein that part of the 
antibody encoded by a VEH exon is eacoded by an exon of eameHd origin and the 
remaxoder of Ihe axttibo^^ molecule is encoded by exons of human origin. 
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JajAa. ^gfter aspect. mesent inventioii provides a VHW fanglft Twnvy ^itair, 
^nSbody obtainaible aocoxdiog to Hbo mefhod of ^pissedtiiiveudaa, ^oAuieini^^ 
ofttie antibody emeoded by a \rHHekoa is «obe^^ 

In ftftoflter aspect stSiL thfe present jhyention provides a VPHRf y h^g ta hpgtvy ft h ^n 
aidibody obtainaMe accoidfaig to tiie zneOiod 

Qcigm find 

fhe cq©stant heavy chal^ 

In yet a forthCT aspect^ the raresent inveaSoa provides a ramiptlisrri anj^a limvy nhaf^ 
aniftody o1rtai23iablo by Ifae method 

< Advantageoualy, a cffmdfsiyt VH single hrayy chdns^^ aspect 
^^^thepppescotinveQadOT 



single heavy dssda acdbody camfxtises a oonstaot heavy diaia jcegioix encoded ^ one 
or laocce eQ»tii/s of 

a fixcthcr embodxnLnot sdll, a cameliBerf VH si^gl e heavy chaia Ejaiii:kody according 
to tins aspect of fhe nxvcodaD oonai^^ 
c« mcie eKOd/s of mooss ong^ 

AjDCtibbdies poodaoed acccmlfa^tofho zx^od of the pxsmtiRVonjaxm hsve 
fldvantaee overlhos& of <fae prior art in tiaat few ttndorgQ apraceM rftJafise fFBTt teWng 
which is smi3ar or the saoi^ as 1^ 

Boosial caiviLuumenL Aiitibodies ohtamaUe accoidmgto the mefhods of the pres^ 
hxveofiosi may be monoclonal or pdycIoDal antibodies. Advantageotxsfyp iSbey axe 
monoclonal antibodies. Antibodies may be generated usmg methods knowj to those 
skiDed in the art AdvantageovsLy hyhridomas may be used for generating monocloanl 
anfibodiea- tedmiqaes vrillbe femiHaf to those skilled in the art and are desadbed 
herehx. 
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In yeta&rflier aspect, the preserrtinvaaaonpn^ 
heavy chain IcK^acccadmg to tile presert 
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VH juavy ciiaialqcns 6<>soidingto fl» 
Suitable vecfm5 ^ be femfliffl- to 1W 

suifaWe of insertinglai!^ amormls of imtdeiQ add, sofflofcntto encode an eofire 
inxmmioglobiiEii heavy dbam locus arc prd&ned. Siatable vecton include yeast and 
baeteiial artifidal ehratnosames such as YACs and BACs. Advantageoiwly. the 
vectoB a» constructed so fhat direct 

M^^*^#^niple,thfrj^^ tcanscaibed cDNA coding fe^^gie li^<fj|?chem aniiB^"^'^^ 
, 'whetted' 

In yet a further aspect, flie present invqatjon twridas a W e«TT tr>n*fa^^ t^m^ 
VHH locus accordxqg to ^presaxtiaveBiUon. 
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fii aimtherasp««*8tin,1hepi^inveni^ 
ahetetologonsVIffiheavy chain locus accottB^ 

In yet a forther aspect. ^ present ioTOtf^ 
25 a<«inftlisedVHheavycha{nlocTOaccordfaigtoiheprese^ 

Inlteooitort of thepcTOtfeTWiittoa^ 
nKdudeTwtimiisscopfi atonssPdiclra^ 

according to fiiepreseotinvcntimis sniallcrftaa a CamoKd. Pief^ly it is seJected 
30 fiom*egrox5>con5istingo£ainots^tatguin^ 
Advantageously, & is a jnottss. 
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Advantageously heavy cbain loci endogeoous to «ib transgenic azumal are deleted or 
sflgiced in a t ran i ^gmic wmmmnl accttduig to the present mvemiqicu Suitable 
teeJmiqiies fia ibelater fliB described ia WD0lVa6373 or W 
BafcerCZOOCl) Genetics 156(2): Kitaxnnm and Rqews&y 0992),' Ejtaimaa 

and Sj^ewsky, (1992) Nature 35$, 154-156). 

Antibody prodncing cwDs m«y be derived fitto timsgeiiic a 
present invantian and nsed fiw exaniiJite in d^ 
ptod&otion ofVHH aingje diaia antibodies as hei^ 

alteinativaily^ nocteic add seqxieoccs may be isolated fixma transgenic mammals 
acamfittg to <he present invention and osedto pKtodncc sin^e diain anfibodi^ tih^t^ 
leeoanbinant DNA tedhmques vrfjieh are femifiar to drase skilled in the art. 
AJtemative^jr or in addition^ speoifio sta^ antibodies be gene^t^ by 
itiMriiadsing a tcansg^o arrimaT aeiy mTii^^ ^^j^i f; pi^^ltnrentiori. ' 'rr^ 

Thus inafinrdia: aspect, the presedt invest^ f6rl3aibjixodacili<mo^ 
single cbain antibodies Ify immimising a ^Eu^gento mammal aooordingto^tJiepresent 
iitvpiticHi tvxdi an antigeiL 

In a pi»&Qsd enibodzinent iif diis a£p^ 

IntheconteartofftetgesentinveMtiQn-iheiBrTn MwimmriM^ ' 

amannnal means 

adndnisteringto afran^genic jn«(^^ 
inxmtmB zeqionse is eiUcted agaisst due an^^ 
immnnisatUm of mammaJa vdU be ftmiliaTto aose 

herein. Suitable antigoM josy be natotally occmrlng or syu&etic. Naturally occoning 
aatigeos indndeprotdna nrfddimay be fbr eKamjde eo^nnes or cofeotors, peptides 
and nucleic acia moleoiies. One sidltedlnfte art vdU 
Intended to be e^dxanstive. 



hx 3. fm&er aspect, the preseatt invention provides tbe use of a single heavy r-y^f^ 
antibody as herein described as an intcaoeHular binding reagent 
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In afcr&ex aspect thepreseat inventioiiprovides, the use of a dngle chain anffljodty 
ficcomiingto tiid prcsoit invention as an en^'mB ixihibrtor. 

5 In a ftraieraq)ectsdll,fte present jnventi^ 

obtainable by ^ mfifliod of fte pieseiit iavenlicm iafiie piepaialion of amedicaxneBt 



10 



In a final aqiect the-preseot ittveidioniinjvi^ flifi tt^ 

locosacccmliogtoli»p»BMitln£veoti(mm or treatment of disease. 

Brief Pescripfinn of tfia flgBi^s 

„':i.#te':. ;- . ''• ' ■«•.*•: :,V . . ■ . ,. 'litre 

^gore 1 shows aiTOi^ipred an^e chaiUj^a^bqdy Idgi^^ccoxdingiaith&iS^e^ 
is iwveulian. -fej^ji . . 



■ . Definitions ■- 

'A gene*^ comprises one or more eMona coding for a eomplete m'R'NrA . An ^ awptwy ty 
gene' con^pilses V, D, J exons T^ckiecottibine to fiwm a VDJ codmg xt^aa and 
20 wMchtiienfarlhBrieconibfneTrtfiiacona^ 
inoie constaot Ixeavy fiiaia asOTS. Th^ 

Onepaitkrolar V regUm i»5 one exon, oneD Jtegjonhas one exon, one J legian has one 
eKon and one C te gion lias seveiral exocDS. Toge&er tibey j&gro a eooqpIeliB gene afiec 
leoombinaticTO one V CKCxn, o«© D eoton, 0^ 
25 solcoted. . . 

'Exon* and Intran'r An Exon is a codJijg cor messenger sequence of 
decogomcleotides. ThatJ^ it U Say sequence of DMA, ia eufcaryotes Hiat-vpllI be 
xdtimately easpressed Ja mature mRNA or rRNA molecnles. Esons are comuacaily 
30 interqjeGTsed-witointrons.IjQtis^ 

DNA. sequences TRMoh are not nWmate^y espressed ^ 
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liitrons aw spliced out fix)miiewdytraiQscnT)ed 
2DRNA. 



A 'VHH luavychflxB lbett8» acccndiiigto the present iwentioa is OQEapased of a 
•VHHs^on', a 7 r^gicBi/eacQii', a *D togion/bxon' and a *cmstaathe^ dudn 
iegi<m*.EaohVHHi»fiioacoii,j^ 

each D regioa one D exon and each heavy Qhaln constant tc^oa oon^sea one or 
QKire iieavy eiiai& constant regioii eic^ 
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A -VHH awm' tafhe coi^ejct of tbs present inventioiDi desGiibes a nataraHy occunnig 
VHH coding sequence suiA as lliose fb^ 

or fiagment fhareof as long as tiie resiittaait exon can vAsbo. a comstitnettt of a VHH 
lei^on ^as hereia defined aceoombme Vfifh et lea^ <Me D legica^ at least tms J i^j^ - 

■vr;; esxfosssed. • itidV 

A 'caouIM VH heavy eh^ locns' accQcding to ftepwaedtitivmtianls eompri^ 
cfone ormoie *camellised Vtti?giQn/^s' as Iran de^^ 
20 oneornujro'Dregion/sVanda'coostBMheacvychg^ 
rtg^ott comprises one camelised VH eoDon, 

oae D eacoa and eadi heavy cMb oonatart region eonqiM 
oonstBnt region lidfees. 

25 A 'caindfaed VH <ac<m» in Ite oante« «f the itt^^ 

occai4ngVK coding sequence derivedfix^ 

exan^ alniman wWcih has been nnitaiBd such 

a CameiUd cxao. A canielised VH exbn according to the present 

includesi«dtiuni<gscopeanyhomologue,d«crvatweorfiagm 
30 ttoresnltantexan can, whm a constituent of a cameUsedV^ 

reoombine -willi at least one D region^ one J legion and one constant heavy dhant 
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legiOTWcorfingto-aepreseminvertkm geoera*e a cameKsedVH single chaia 
antibody as beiraii defined. 

A 'consfant heavy diatn regioxi esun* QCa extaO as ianSiL defined fa^n.^^^^ tiie 
5 seqooiBestxf natural^ ooctttzmgC^exD^ 

or oflier iDaxmnds indiidbg tabbits and nacc. Hxe taan 'Ch easm* also <«ielitdeg wifbin 
its scope dmivt^yea, homologoes and fragmeaats diereof in so &r as flue Ch eKon is 
ableto fiuA a fboutional shi^ hea^ 

contpoiaeat of a C«oBtantlM«»y duBgreidon. Qgneiallv. Qg eaeniM aaa pPfhtrr Htflhr^ 
Q typoa CQbI-C^ ffaat eaoode difKsmtt pocdons (domains) of eadx constant heavy eham 
pa^ypqitide. Hi»we!V6i; VHH and oameUsed VH imgle cbaizi antibodies accoidzng to 
lha present invenHon do not possess a. fmetional Cm domain rocmtanring th^ U^ht 
c^fa domain andioring rfcgjon) nm do &ey pnsseiM a ;^n<>HrtTip^ flomflln. TliesreVf. 
?^#iW«^b^ c^sub-groups of COTStaat heavy dbeaar^^saccma^^llii^^ antibc^^?^ 
S> ^sbs^ses possess drflEbrent emvs fbt inataticei, Igjrf qaie eir more 

CH,ooiistBntx^<meeooinsand^Om ! 

The ffizm a ^nu beary ebam antibody' «:coiding to&epreseat invmtioii 
zzaefflis aa anfibo^mplccBle whidh is oonq>oS9dl only of heavy cbams CseafizaUy two) 
and ^ses iiot comprise ai]y li^ 

(encoded by VHH^ J3 mi J exons) and a constant zegjon. The constant re^on fbjrtJxer 
cxanqndsK a mimber of CH doxnaim 
gez^^aUy it cmnpnses two: cme d(^^ 
chaiii antflwdy as hezeia de^^ 

functional CH4doinMn. It is tb©kck domafci (v^oh in 

conventfonal antibodies po^sesse^fte awhoiing place for the constant domain of the 
light chaia) -which acoonnots for feehaabflity of the heavy chain antibodies according to 
ihe present invenlion to associate iiri^h light chahas to frwm conventiotial antibodies. 
The sub-class of antibodies known as sc£gG2 and/or scIgOS conD^irise only 0/2 and/or 
Cy3 genes. 



10 



20 

The tenn *a csmdxsed YBt sii^le heavy chain autibody' accardiDg to liiB present 
mvenliaa means dsx antibody molecule wMoh is conqjosed ojoly of heavy c^baxns 
(g^aerdl^two) and does not OQQQ^ 
vmidie icgim (encoded by 'a cai^ 

xe^Oo. The constant xegion en oodfid by constant region exons fiitthier enco des a 
nsmbor of domains^ generally it ca^^ 

damaih. A camelised VH single ohedn aoHbody aa herein defined doe$ not possess a 
iimctionaL CHI domahi or afanctional CH4 dbmain- ft is fee facVrfft HmnHtw^t^j rffl 
domain (wbich in conveational dz£bodies possesses file anchozl^g place fi:>r the 
constam domam. of the Hgjit ciiam) which accounte Sjt the iiyih3ity of 4© heavy chain 
antibodies accozding to the present inveiotion Id associate vri&i Hg^ nhsrina to jSaxm 
conyenfional aaitibodies. 

• ■> • • v^^J^:? ■■ • ' ---V . . ■ 

# '^•'i^- ^ ; l^aita* as nsefi fcerdn, rafieriB to aiitibodies or antfljod^f i^lmenis^^p^^ of >*^^ • 

^> englnfieTed antibodifei& incl^jding chimertcj, CTOR-grafted andledSnanised antibodies, and 

ertifit£ally selected antibodies px)daced nosing phage display <*r alternative technlques. 
SmaU antibody fiagmeote possess advantageotis p^^ 

therq>edl]C ^plications on acconot of fheir small size and oonseguMt st^yedor tissue 
20 distcibatiQn. 

*Anili>o^ evobi^n^ desmbesUte process of class svratc^^ing and aCSaxty znatazadon 
(soniatioljjf^^ejjuiufation) ^vdndi ocoozs dazing mtibo^ developing and which xesolts 
in the gjeneralionof aJtibodie& 'whioh bind aelcctfpely and wth h fg^^ afifTnfty 

25 

Detailed description of &eiiivanflon 

Unless defined otfaexwise, all teSchnical and soiCTtific teems nscdherdnhave the same 
meaning as commonly anderstbod by one 
30 cnltare, molecular genetics, nucleic acid chemistry^ hyhridisatiaa techniqueg and 
biochemistry). Standard tw±niques are vscd for molecular, genedc and biochemical 
methods (see generally, Sambrook et al.. Molecular Qonmg: A LabaratO]y Manual^ 2d 
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«L (1989) CaH Spnng Maibor Lafaoratoiy Press. Cold Spring Haitor, N.Y. and 

ABsubel Short PwWBcok in Mblecdar 
Sons, jfec. Tjlrich are jacaQ>oiatBd hesreto 

addition Harlow &LeD&, A LdraralDiyMa^ Cold SpiiqgHBrbo^ N.Y, isx^fened 
5 toforflaadard Lmmmplogicsal Tegih nf/p fg 

VH/b heaw fth jtin )^«r^ gf the pre ^t indention 

In a first aspect, fte present invenfion i^ovides a method for the prodoctioa o£a VBH 
sin^e heavy ciham anlibodf in a mammal comprising tto step of a«jw'iwrf>ifl a 
10 heferologona VHH! heftw rfiafn ^t. T««»,tv^ftT 

; • In a fcrdiffl: a$p6S^ thepieseast invention provides ajneftod fer fhe ^dSotitoa of a 
^^^"^^■csmuiSaii^^ antibody in anMimal oonqxdsin^Mstep of 

■' flaqanessing a caiaaSKsed VH jmafyv ehafn Inftha <Ti «iW - 

The constrootion of the various "VHHIieBvy chain lod aocsording to^pcesent 

IS iUVeuUon are aa described in Ac OTnTimnry of tha fa[uyn(f ^ 

AdvantBgeoudy, a kKais of flie inveaidbttcooDOgpaBSte PRTCflp 
xecombinalaGai targcO sites OWi^^/^'vww.esb.uteKas.edji), and two or more LoxP sites 
CwMeh eonaiafts of two tfaiiteeaxbp taverfed repeats separated by an Rhp jwq imwH M^ 
spacer x^oa (Bnan San^.Mediods of BazTrndLogy; 1993, Vol 225, 890-900). 

20 Pre&i:ably,tiieie ore sC least two loicP sites in a IoGi]sia£^^ 

iawentiQn. The pzesooce of &e FRT site/s in tbe Joous allows flie ptoduotion of single 
copy transgaiijcs,¥*jj5t "fee preaeooe of tibeLox^ aUovre die ddetiOBoflgMettd 
IgD heavy cihain geoies if zeqoire^ 

fAWeetnra 

25 The pieseist Invfiaotion atso provide^ vectors fnclv^Tng a ccmsfruct of pi:esesit 
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Can^iucta of Ihe ioveiQlicni can be inco^oiated into a zecombiiiaxit replicable vector 
S such as a BAC vector. Ihe vector inay be vsed 
compatible host cdL Thasi,ma&r&ier eznbodim 

of maldtt^ cojotstrttots of the iixveodoa JiitrtKluciz^ a oanstruct of Dia invqaticni ioto a 
replicable vecttx^ introdudng Ihe vecto mto a oouipati ble host ceU» and growing the 
boat odl tindo: cQxidxtioiis Tvid^ 
20 maybdzoeovmdficsnflEehostoelL StdtablehOstodlsjbQdbdebact^^ 
> co/i\ yeasta mnTrmiflBm cdl Bnies and other eofcaryotio cell lineSp for exgcmle insect 

T? ' ■ . " " . ■ . • : 

The constructs of tbue preseiit inv^^ 
15 of izi$erdng the construct into a recipient genome and thos aefaje^vifig tiansfomiafjion. 
In addxdonto 1&5 construct of ^present xavention sadi tiHiisfbnnaJlon vwtors may 
include one or moxe of die follomxig components. 

Prontoters * 

The promoter is ^picaDy seldcted fiom promote(ES ^which are fbnctional in mammali an 
20 C6lls> olQiongli prokaryotLc promoters and ptomotets funedonal in ofiiBr eukaryotic 

cells may be used. The promoter is typically derived fi-om promoter seij^uenoes of vixal 
or eiflcaTyotLO genes. For example^ it may be a promotex derived fiom "die genome of a 
cell in vyMch eoj^iression is to oocnr. With respect to eokaiyotic promoters^ they may ba 
prtmotera that iimcrtion in a iibiqmtD 
25 Bctrn, tubulin) or> alteniativeiy» atisstxe-speciSc mannegp (sudi as piomoteis of 
immun globulin g^nes)^ They zoay also be pronii3lezs that respond to s^ 
for exaoqplo promoters that bxpd steroid horznone recqitozs. Viral promotarsmay also 
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be wed, for example fte Moloney marine lenkaenjk virus long teroinal icpeat 
(MMLVLTR.) promoter, fl»Koii5 sarcoma -virus (RSV) LTRpromoterorifaeliniiian 
cyt^toegaloYcms (CMV) IE promotor. It may also be advanfageons fer file promoters 
to be induable st> ftat £be levels of expne&aaa of lie Iieterologoas geae can be 
regulated daring die life-tinis of Abb cell. lodocible means IfaatHie levels of eoQiressioa 
obtaiziBd tismg Qie piXKmotw eaa be regol^^ 

la additioir, any of tiiese piomotieis may be modified by the adcfiiioxt of ftoiieir 
xegnlabny sequences, fa exanqile ephancer sequences. Ussoe-specsfio enhancers 
capable of zegulafing expiessian in amGbo^producmg cells aie prefozed. lot 
perticntav ^ heavy-ohaiii tebaooer xeqmred for the soooessfibl aodvHtSon of the 
Bnfljody goie locos in vhro (Sexwe^ M., and SabUfcdky» EMBO J. 12, p232l-232i, 
1993) may be . ^ jji lticted, Lqc^is coiattdL regions (X^CRsX part«a;!larly the 
^^^|pmogtobu%^|,(^j^ Chimeric .proraotera may be Tis6 

ctM^paismig seqpeiKiB fi ^| mc3ite j&oin two oripare dtflferent promoters. 

laaddifionlo apromoterandlte constrart, veotes of fliep 
contain, olitar elements nseftil fa optfanalfuncttocte^ of ^ vactorin <he twitywymi 
\iAicbl3ievectorisioseactBd. llieseelemenls aieweU]moTmto4ioseof<»dmaEy 
mllie art, and are dBEGiibed,'for eaianqdeln Sambiooket aL, Molecular Qoniag: A 
Laboratoiy Mannal CoZd goring Harbor 

Copstm ction. of Vectprs 

Vectors used fatcansfiuming mammaliaa embiyos are oonstructed tising methods 
wan Imown in the art, indudfng, wMiont limitation, tibe sfaodanl tedmlqaes of 
restriction endraoidease digestion, ligaJiojQ, plasmid and DNA and KNA irtirification, 
DNA seqaeacing, and the Iflce as described, far exampte in Sambroofc, Fritsch, and 
Maniatis, eds. Molecular Cloning: A Labocatoiy Mamial, (Cold Spring BaAac 
I^ratory Press, GoM Spifiig Harboii KY, [1989]). In general, 
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ft) The endogeooizs mouse Ioci2S is 

kiK)daiu£piocedures (eg. Kitanjara^D aodlUgewridK^^Nffto 352,pl54-156, 1992). 

b)Tl!e DJ and IjgfMi^^oa of a suxtabfebi^acvy chaxELxe^Km as liexein descidbedis 
5 localised as aieasmbloai^ 

as are^cticHl esozyme fiagmeatj, jfor instance a Sail fifagmeml This legloii also 
oontaixis Ibd liea:«7 chain enl^^ 

BDcfibody geaoud locsus in vivo (seb Sqrwe; M, SsMitzky^ R» EMBO L 12, p2321'-232l^ 

m .^c)Aiuiii^ are firat cloned as 

, . VHH tsKops are located amcoqiiVH «xcma as baeb. de$cdbed Ihey aie kibsequeinay; 
. cloz^^ and VHif cffoA^ 

This ansy of genes can be i$&lstted as a MLtil (or oflia restnctioii ec2^e) ftfLgm^^ • 

15 5^Vie3^ hxaotimiw 

the eaqgessioiii of tto lociig> is dgnedas an Sc^resiactluiifiagmfltrt:, 

axons aire cJomed. as a sepuiaGe resbictik>ni jQEBginfiiiL 
I%9B ChI and/or Cr4 domains encoded by their reapeethre eocons are xemkred nooa.- 
fiscbtional tiy homologoiss TWomhSsmlixm in baatexia (Imam et aL; 2000) by removing 
20 the splice aocqptor seqnqnces of Hio CrI exon asd/or (exon (t^gi^ji et al., ibid^ . 

Steps b-c provide lbs pieces for a *VHH heavy chain locus* otr *a camelised VH heavy 
dxadn locns' (Fig.$) tbat should take over the fimction of the inactivated mouse locus 
dasoiibed Tinder a). These locL are construct 

a??propriate Order into a snite^ vector, for example a BAG vector CM!i^^ 
25 regloix an of the xestdcdan sites described above (Fig, 1), Loci C3?eated according 
to the mea:iod of tfaeporesoat inventidn are derail/ in the order of 200-250kB in sizie. 
They can be isolated and pndfied < ;way fiom 
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tednricpesvWchwaabefemffiartotiwscskmediafi^ 
encodh^ file •VHHhea«y ehaialofflis* <tt 
acoonBng to the preseal iDTfrenaoia (Fig. 3) 

ftitiHsed mouse eggs derived frain the laiock>oirtx5iiioe descdbed in a)b7 staodaxd 
iBdnaqpes to obtain traosgeok mice eicpiessxiig oiib or more lo ca acconding to 4e 
PBBScQtinveotioiL . 

fitit^o ^^i^ anabftdteg aceerdnig to Che preaent InreT^fiot^ 

It vnH betnuJerstood Uiattenn 'a smgie lujavy dhdii anlfljodbr* and *VHaiieavy ciiaitt 
loci* aocording to fiie present invenfiaii also tucluds bomolosittus poI>ii«i>tlde and 
nucleki acid seqntaices obtaixted fiom any souFce;, for example x^iaiiid cdDolar 
Iu)mologiies. hiHnologues from otiier spedes atvl vBiiaiib ^ 



"ws;^ttfe presoit niir^^ eoopp^)^^ varianls, hiomidogues dr dedvatxves of ibe 
singlfr toy cijam ailbodies^a^^^ 



In ti» context oft:i&piceeaxthtV€a&3^,a.hcmaloBcm seqaeoceis tokento ioclode ain. 
amino edd segpeoae v&ich Is at least 80, ?5, 90, 55, 96; 97i 98, 99, 99^, 99^ 99,7, 
99.g, 99 ^ fdflmtioal, prefjacaMy at least 9 S or 99% idaittteal at fea; 1^-4 i^rgt 
ovfiraCleast30.prefet^50, 70, 90 or 100 aamo atids. AWura^bomoIogy can also 
be considaBd inteimB of smiilarfiy (ie. 
properiicsfliaictions), in ibe context of ftepresBoti^^ 
lunmlogy iatatms of Beqnnce identiiy. 

Bxkmology oonqjarlsons can be cojadooted by eye, or moie usnally, with tbe aid of 
really available sequence comparison programs, these oommerctally available 
con^mtcrprograms can calculate % homology betwecntvro or more sequeoces. 

% homology be calculated over contigcous sequences;, ie. one seqooice is aligned 
wftbfhe ote sequence and each amino acidinone sequence dhaclfy compared -wifli-flie 
coireqpondiDgainino acid in the oflCT sequence, one lesidnea^ 
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'Smgippfirfy* ftlignmRnt, T^inany, mch imgapped ali gmneirts am perfbnn^ onty aver a . 
reMveSj shortiasnib^Qixs^/Sxics (forexaiq;>Ieless'aiaxLSO contigiaous ammo acLdsi)* 

AW KywgHfMg is avezy sioipte ^siti cossistsiit iii8thc>d> it fidls 1o take into ocndidfii^atioz^ 
111 jrf^ far m ^tfmvplpt^ rn m flfherari m idanticfll pair of sequfipcesg. one insertion or ddetiQa 
win oaase tha fMlovrijog amino acid lesidiiesto bbppt ottt of fltlsnTnflir!t»'flw3 potentially 
resnlting ia a hige xeductioa in ^ hcandlogsr vAiai a global fiHa p m wait is pocfixanecL 
Conseqaeoflyr most seguexkce oampadson methodls ace des^goed to produce optxmBl 
aHgomeols ftat take into consideration posflObte Insertions and ddgfions ^wi&oat 
pf^lft^ng miAily fhe nvBrall hfwnology acMB^ Tbis IS BohicVBdTay jpsgfing **flaptf' fajt fee 
s eq p e aoe aMa nm e at to ty to maxinrise local hwnology- 

Howeva:it&^3n(nbcQDapIeKmediod$a9^ eadhgqp'&atoccazsm 
iiie aligzM^t $0 tiiat; lbdf^ l!ho i^s^ adds, a sequence 

MUgom^i^^ ^ few as pos^fe; v^x|lle^^ H^barzelalsdness l3oCvve6KLfbe two 
cmiqpardi Sjequsnc^ - wiU acMeve a blgher' score than ona vnfh maoy gaps, ''Affin^ gap 
oosJ^* ar& tjpicany need that ciar^ 

ymftHflr penalty for each subsequent residue in Hi^ gap. Tills is th© most commonly used 
gap sconng system- High gap peoaltLes will of course produce optimised alignments vnSx 
fewer g^ips^ Nfost dignnxentpmgcaias allow the gsp penatti«i to be mo(£fied. Howevccc, it 
ispro&niedtoxisethede&ultvaliies^vi];^ suoii software for s equence con^artsons. 
For example vSiennsiag tto (3CG WisconsinBestflt paricage (see below) the defiodt gjap 
panaUy fisr amitio aod seque^^ 

Caloulation of maxixxsAn % bc^nology therefore fiistly i^eq^iires tfa^ 
fyt frnfti aK ^ n mc i i tj tafcing into ooastdaation gop jpenallies. A smtablo con^ntier program, 
fiw garryin g rttrt niA an aligmncpt j& fliB GCG "WiscQpani Bestflt paokago (Univecd^ of 
Wisoonsin, Dovcrenuc et oL 1984, Nucleic Adds Researdi 12:387). Exan^les 

of other software t h m i can. perfbnn sequence rampazisoDS incLnde^ but ace not limited to^ 
the BLAST package (see Ansnbd etaU 1999 ftfrf-Chfliiter 18), FASTA (Atscbi et 
diy 1990, J. MoLBiol^ 403-410) and the GHSEWO 
Botli BIj\ST and FA5TA are available lor o£^^ 
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etai^l 999 fbid^ pages 7-58 to 7-60), HowOTer it is prefefred to use the GCG Bestfit 
prograoik 

AMiou^flidfiadl ^hiomologjr c&nbemeasiTO ibd aEgomoit 

process Itself is typically iiot based on an all-omiiothing pair compaxisodDu lostead, a 
sraled snxdladty' score znatm 

compaiison based oa dietnical snnilarity or evolulionaiy ^stance. An example of such 
ft matnx oonimon]^ tised is the BIX)SU^ 

suite of programs. (KiG Wisconsin piogiains genersdDty use either ibe public; de&ult 
vahies or a custom symbol campdxxson table if supplied (see user mamial for fartber 
detoOs). It is pzcfezred to use the public defiailt values for the GCO pack^ge^ or in the 
case of oiber softwaxe^ the de&olt malzix, stkcii as BLOSUM^ 

Once the sofhv;^ Ms prodo^ip^ an optimif^ IQi^^^^ it is possible to calculate % 
homology^ pre^fi^ly % sequ^ce ideaolity. The.^lt^^ typically does dns as pact of 
tiie seqnoaoe cotf^acison and g^oecates a ztumencM result. 

Meflioda for the production of sing le crham airtfbodies according to the present 

(A) Transgepic anTnfflf>=^ 

The loci and vectors of fhe pocesent invention may be introduced mlo an animal to 
piodDcc a transgemc animaL Thus, the present hc7«xtioiL also proviites a traoaagenic 
animal jncTudn^g a construct described berein. 

]^Grtizig the lod {ato the genoxoe of a recipient animal may be aiohieved using any 
tocboiqae apparent to Ibose sJdlled in llie art, for eacample^ microzzgecfion. FoBovirins 
introducljon of nndeic add into a fertilised egg, rehnpIaidHtion is accomplisbed ttsing 
staiidaid methods \vMch iivill be fainiUar to & 

surrogate host is anaestixetised, and the eggs are inserted into tiie oviduct The number 
of eggs implanted into a particular host will vary, but will usually be oon^arable to the 
number of cffspdi^ the qiecies na:turally produces. 
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AltiBcnathr^, &e DNA. may be 

Cdnb&uisQrb^iiito abostODobiToto derive trat&s^iiiojQaiccilTysts^^ 

IhaftdlhaenilsodinicutlfaeDNAo^ The nadei of these 

are iised to replace &e nudeas of a fbrtilised egg iMkHi may be of any species to 
S givezise to transgenic ammsls. This teofanigue of niidear transfer 33 &^ 
sddlled in the drt» 

Tiaxisgemc ofj^pdng of tibus» suxtogate liost may be 8<»«ened far fie pzeseace of the 
transgeitebrjr dE^' soStsbU tuelbod. Scseenhig is ofteiiaoGon^lisbedby Southetn or 
NorQia3i analys^ using a probe that b cc^^ 
1 0 fransgene. Westan blot analysis usix:ig a ligdxui epedfic for ttie antibody tesoded by 
tiie Iransgene may be ezxq}]oyed as an ah^^ 

testo4 allho^y^a^ i^fih 

Progeny of ihe tzansgomo v^'^^^^^ may be obtained by matisg tiie transgenic 
15 T Tlf^T^TT^^^ 1^ ffliitftMft pgwtnpr^ nr hy m vitro f&r6UsaAm of eggs and/oT qpegm 

-Fpr rili^ ftH ffmhryfh jin i py ^ iTrylflnted fntn a samrogate hast or incabatsd in vrtay or hath. 
Whexe mating is used to prodaoe transgenic progeny, the tcaiKgeDic mammfll may be 
badbcrossed to a paraDtal line. Using dtiiCT me*o d, fhe ppogimy may be evahiated for 
20 thg of filft trfl^aggfte xi^p^ methods described above^ or otfagr atjjjiojjiiate 

mp;fhod8. 

The anirnal may be varied provided it is a maxmial. Pteferablyp &e anrTnal is a von- 
hmnan mammal mcSx a$ a rodent and even more preferably a rat or mouse* hi itds 
legard, it is also pre&aed tibat &e redcpiant ammal Li^ incapable of pioduomg 
25 antibodiea ibat f^^'^^p^ ^^ght cbaias or at Use very least has a reduced, capacity to 
jnroduce s^idi asiibo£es. To achieve this end the ledpient roiooal may be a. *%noGlc 
onf^ ^miii that is capable of having one or more of &e genes req[inred fiir the 
psrodixction of antibo^es vnfti chacbis tamed off or suppressed. 



29 



By Bang rec^ient animals iii«5)able of produong antibodies tiiat indade li^ diams 
e«r at the veiy least -wifii only a reduced capacity to produce such antibodies. As 
mediod of the present invention enables the efi&cient prodoctioii of large quantities of 
^n0& »Ti*rin antibodies and aattbody prodndng cells feom a transgenic animal 
«ft«vwWng intTTflr'rei»iAimrenaoiiTipon challeaBe toA b gjvqi eaUg^ 

(E\ Phage dL« ^^ay teohnotoev 

Vectors for phage display fose the encoded polypeptide to, eg., tJia gene Btt protdn 
(pm) or gane VHl ptotda (pVm) for display on the snr&ce of filamcntons plhag^ 
sa^ as M13- See Barbas e/ al, vh^rv^l^. A T^l)OTat<)TV Manual, Cold Spring 
Harbor Labotatoiy Press (2001) (BBN 0-87969-546-3); Kay fif at (eda.), £fafl^ 
Dimlav ofT^' ^'T T 'mdProtBmg - f T.ahnratorvMannflI. San Diego: Apadanio Press, 
SBC, 1996; AJjdson et al (eds.), rf^mhmatorial Chemistry. M^liods in aogwaology 
voL 267, Academic Press (S^ 

4eptes«wthry|gim.ThelBd&^ anGbodies. in istedi antibody 

vadable legioiife^narts are ted. fbr exanq^£ to Ihe gpo^ m protdn (pID) or gene 
Vm protein G>VnO fisr dij^y onfte sn&ce of fiBamcntouS phage, such as M13, is 
l^now^-BSiahliabed, STidbi^ Curr. CpH mteOmal U(6):610-6 (2000); OiifBflis 
etcO^Curr. ppitt, Bioiechnol 9a):102^ (l998);BtooaBnbo«n«f cil, 
JhmWitecfoiolbsy, 4(l):l-20 a998);RadererflZ., Curr«itf QpfWoBi«»fc>to«*n<> 
8:503-508 a'^T); Aqame «f oi, mmtanAntibo^Ses 8:155-168 a^^T); Hbogenbooon, 

aL, lYends in »tatsehnal 14230-234 (1996); Wintar etaL.Jnrk^. banunoL 433- 
455 (1994), andteeaaxuqws and protocols wqu^ 
and use lhc aiaibody fis«»erits jaxm such 

Piess (2001) (ISBN 0-87969-546-3); Kay etaL (eds.), Phape Di'^pjay of Papti^jffft a^^d 
T^^^w AT^> ^r^MflnuaL AcademiGPress;inc.(1996);Abelson^ (eds.X 
r^ ^^r«i^^ Oifiimsti^. Methods inEoaymology VOL . 
1996), the disdosates dvMck areinooipoiated heaieln by reference in fhor entireties. 
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For ^ phage display of aattibodies as berean desodbed incta£xig ft^goseots tibaceo^ 
adroofagMUsiy, they ai;e fosed to 

RecozribiiiaDlDNA technology may be used to produce sb^e chain antibodies 
accoidxxig to die pieseut invendoii nsing fin established prooeduro, in bsicterial or 
'pn&cdclyjiasBaBBl^^ Tb& selected ceU cniltnre system pce&mbly secxetes 

ih^ smgle chain atitibody pioduc^ 

Multiplicadoo. of byhddoma ceDs or nsmomalian host cells in vitro is catded oot in 
siiitable coltare media, which are the caatomaiy rtandflid mlfage merBg^ far ft y i »m >lft 
Dulbecoo's Modified l^ljg^ Mei^iuih CDMEM) or ^Ml j[ 640 niiedicqsv opSonally 
replenished by a niammBllaix serjum^ e,g. foetal <m se^i^^ or tiiace elemaats aod 
gixyxvth snstaimttg 

exiadate ceUs^ spleezilc^^is^ bone maoow macati|Aagi^^^ w«r^ irwmlln^ 
ttans&axn, low density ]q)opcoti^^ MtiMpIicadon of fao$t cell& 

^tMcIx axe bactBExd Ceils or yeast ceDs js li^^ 

koo^ m the art; tax exanqplc £jr bacteria in medium LB, KZCYM^ NZYlM^ MZM, 
Tea!ii£te Broth. SOB, SOC; 2 x: YT, or M9 
YH)p YEPD, Nfimonal Mediam, or 

Xa vilio prodtiction provides zdadvely pure immunoglobulin preparadoos and allows 
scalM^ to give large amomits of "die dcsized munuaogtoboHns. Tedmlques £xr 
bact^dal cell, yeast or xaaznmafidn c«^ cultivation are knjyim nx the art at^ft indTide 
homogeneoi^s suspension culture^ e.g.inanaixiifiieactororfnacoiitln}ioasstizx^ 
reactor, or immobilised or entrapped cell culture^ e.g. in holloMT fibres^ microcapsules, 
on agarose microbeads cr cezamio cartridges, 

Larg^ quantities of die desired immnnoglobuliziS Can also be obtained by muH^Iyiag 
inarnTnaliaa oeHs in vivo. For dns pngposcj hybridomg. caflg prodmar^ dftflired 
imixixuio^obulizis are irgectBd into faistocompatible mammals to cause growth, of 
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especmlly juineial qQs soch as piLstane (tctrazne^lrpentadecaneX pdor to the 

fbidsof ^oseixmnmals. Porescample, bybiidoma cells obtain^ 
5 coyidoina cells vnJih antibods^todttdiig spleen celU from Balb/c zsdcei, or transfected 
Cells dsnved iBxnxilQ^faddomacen Sp2/0 that pxodaicetbe desired antibodies are 
iznectsd jntepedtoneally into Balh/c mice optLonstfy pr^txestecl'wi'Qi pxistsoie^ dud, 
aS£r dzte to week^ ascitic fluid is tai^^ 

1 0 Th^ ftregoinfi, and odier, techsiqDes aie discussed ii^ &r exfinpZe, Kobler and 

Mlstdn^ (1975) Nature 255:495-497; US 4376,1 10; Hailow and Jjbds, Antibodies: a 
Labmatoiy Maimal» (}9SS) Cold Spring Beabcut^ Ifl c eti p orate d heremby refenance, 
Tec]miqae8&rttoprej>aradono^ 
• ' aboverefeceinces and also in^Jc^^mnnqple^J^ 0623679j;,^ 03^84 and BP 043(597. 

■s-il^:,-.. ■ , •; • . • ..• r- . ■•■ ■ -^^^hr ' . ■*!:-*.f-. " ■ ■ • ■ , ;. ■,■ •. 

; > -r. Tbe cell coltuie gnpematante ^bc^: $Q;eeued feat the desired antibodies^ pxefecendally by 

iTnTttimoflnopescent $rtajncog of oel?^ expre^smg ^ desired laj^et by inpnunoblottiii& 
by an gnzymc iTnimjmoassay» e.g. a sandwich assay or a dot-aasayj or a 
20 rftdroiiTnTTmnioa&say, 

For iMlaHon of tiie antibodies^ /Qiofie pdcesent in the culture superuatnnts or in tbe ascitic 
fluid may be concentrated^ e.g^ by prco^ttafioa viiQi axomOsii&n snlph^tf^ dialysia 
a^iost hygro^pic material such as polyethylene glycol, filtration throng selective 
25 mei3ihi»nes, or.tixe I&e. 

c^tomaiy c^mmatogrs^shy methods^ fat exanxple gel fihraiion, ion-exchange 
cfaromatogiapliy^, dnttnalogr^hs^ over DEAEKM^Qulose and/or 0])mun<>-)a£5nity 
ciinnnatogcapbyp e^ a£Sn^ 
ProtemrA. 
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In a fur&er aspect, fbe present nxvezdoia p(rovi$ies a method fer tih» prodncfioa of 
^aigle ft>i«iTi antibodies accardiag to Ihe present incTetfion ccr rnpri wns admixjastering an 
i^ n f i g^ M to ft "tT^-^gm^*^ BTrnnal afiCQtdmg to Ajb preseart inyggfijon. 

The single ^HAin antibodies produced from transgemc nnimals of the present invenfioix 
include polyoloBal sad monoclonal single chain antibodies and feagments tfeereg£ If 
poftrclonal antibodies are desired, Hja transgODic animal (e,g., mouses rabbit, goat, 
horse, etc.) nmy be imrannisedivitli an antigen and serom ficomthe nnmnxused animal 
collected and treated aocozdiag to knomi piocodiires. If serum cfwit a fnins polyclonal 
aoSbodies contahia anCibodifis lo otber axstiges^ the polydonal antibodies of inftstest 
can be ^ntrified by j;nmQnoafSnfly cfaromatogEapliy and sudi Hke tecbniqpies iTvincb 
vnil bo femitifir to Hiose ddUed in tbo art Tecfamqnes &r producmg and procefising 
po^rtianalan&ecaarealsolmowrLjbafi^ 

tJses of single lOiaSn airtft 

Single antibodies indnding f^ag^flientB liw^r^pf aocotding to th^ prcseaxt iixvenHon 
ipgy be employed in in vivo ^leiapl^o and prophylactic appKcatiiiSs^ in vitro and in 
-vivo diagnostic iqpp]icsafioo% in. vxtio assay and teageait E^pplicaiions, and the like. 

Tbaapea&Q and prophylactic nses of aln^ chain antibodies acccnrding to iSbfs hivetdi<xQ 
fati»w ftAinnijg ti^fin of ifaft above to a re<apieaflt matmnaU sodh as a hnman. 

'Camelised VH^fl^e chain hewy dain antibodies* possess SBvoal adrantages over 
canxelidVHH single obain antibody molecules in-die tte^xm^of hnmans. For 
exunple camelised VH sin^e Ghahi aitf^ 

case of antibodies baaed on the VH3 gene finnily. laadditioxx^ carnelised VH sin^e 
chain antibodies are ejected to show lo\vwimrmmogemcity than camdid VHH 
sii^e ^Hgym antibodics vrhen admimslesa^ed to hmnan^ ^ 

It vnil alOT be ^jpreoiated that ' carnelised VH single heavy chaia antibcdics* and 
•cameHid VHH sbogle heavy diain. antibodies* have some different physical 
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diaiactaistics tiban conventionai dttal chafo antibodfies- For exanq)le, due to th© lack of 
a fimctiooal CHI heavy domdi3L, antibodies of &e present iaventiGca do not feind 
umpkm&st motecdc Clq whicJx is involved ia acdvsdbn of &e classical pafliway of 
canqdemcnL 

Stibstantially pore single cbaia antibodies Tnctoding fisgments thereof of at least 90 to 
95% homograeity are pre&ned for adtrntdstrationlo a m ^rmmci and 9S to 99% or 
moiehomog^it^ismostpiiejtoedfbrpli^^ eapedattjr whenifae 

mrnninffT is a Imman. Once pmified, paHially or to homogeoerty as desii^ the single 
chaia antibodies as herem desGribednoay be used diagnostically or1b6r^)ealiQally 
(imdudtn g eactxacGsporeally) or m developing and pezf ozming assay procedarea tisxi:^ 
ntje^hods tcnown 1^ 

The iselected singje antibodies of Ih^^t^i^i^cnt iiy^i^OTiiwiU in 
prcveaiting^ suppressing or treating inflaiz^]^ry stHlies;;jallaTgio h3p5raensit|^^ t - 
caixoet, bacterial or viral infection, and aajpinm^ disoirders (whidi include, Irat aro 
ncrt: Endted to. Type I diabete$^ ncinltiple sgl^osis, riteixuaatoid arfhritis, syst^c hipus 
eryfliematosnsp Crohn's disease and myasflsenia gravis^ and in preventmg transplant 
rejection. For instance^ depletion of the regalatory T cells or iufiexfetence wiiik fheir 
xeGndtment may lestdt in an enhanced fmrnTToe lespoinse which, may be of particular 
use in theticatment of in&cticHis isribicfa otherwise escape a^oimal inmnme le^onse. 

Iel additiox^ the adeeCed sin|^ chaia aniibodxfis including ftagments tti^eof maybe 

for modulating an ioim^ 
not nonnally located* For example, one or more antibodies iised as hiSxeixL described 
may be periused, io^octedp into a tissue of a vertBbrate> using techniques knovmto 
those skilled in the art. The presence of an antibody as described h^ein^ in snch an 
ectopic eavironment may be useful in the modulation of an iixuxttme response dozing 
for es:attq>le, traiisplditt t^eedon and the 
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Infhe iiistantCCTlicatio(n,ibB tenn "prevention^ invoh^ adrniiustiatitmof the 
proceed «viwpnsitio mgior to &e T^ 'Wrirm of the disease. "Stxppiession" lefeis to 
»iWiwt«t« rtimi of ihe eampoBajoai after an iadncthre event, bat nnnrtn tfw. clihica^ 
anpearance of tte disease. ^TreatrngnT involves a<fmTni'fa«nio a of the protectlva 
conJposifion after disease symptoma becoipe mmri fe s L 

.Ambnal model symns vMck can be used to screen the eflB^ctivaiess of the sdocted 
anKCbodies of ^ pcescst inventiom in piotectine agaiost or tceating tiiB disease are 
available. Methods fiar fbs> tastins of systsiaic lapaa exyflumaliosas (SU^ in 
susc^Me ndce are knownin the art OCnifi^tt (^78) J. Esp, Med, 147: 1^53; 
Remersten et aL (1978)T5lewBag. J- Med, 299: 515). MyasOifaiia Qrsws (MQ) is 
tested in SJI/I female mice by indncing the disease vftSa. soJobk: AdiR |»otein fiom 
another species (Lindstrom et aL (1988) Adv. ImmoBol, 42: 233). ArflKiSs to hidnced 
5n a susceptible stisin of mce l^y Me^ 

^ Ann. Rev. JsiuoxmoL,^'. 233). A modap^^vriWch-ai^j^^ arttHitis is|g^oc©d i4 . 
$usceptn)Ie rats by Iraectioncrfmyoob^i^ heat Apok . 
CVan Eden et aL a98«) Tfetore, 331: l|t)ri^ 

adniiiisttatipn of thyroglobulin as described (Maion et aL (1980) J. Eaq), Med., 1S2: 
1115). InsoHn dependent diabetes memtns (JDDl/l) occurs naUnally or canbe in&iced 
in certain strains of mice soch as fliose described by Kanasawa et aL (1984) 
Diabetol0gia» 27: 113. EAE in moose and rat serves as amodel for M5 inhnnian. In 
this model, Hib demyeiUnflting disease is iadooed by administration of myeKn bade 
p«>teia (see PatBMoa a W6) TejdJwwfc of 

Qiune.and Stt8tfcoo,New Y«d^, pp. 179-213; McFaiaitt et aL (1973) Scaeooe* 179: 478; 
and Satx>b. 6t d. CldST) J. iDConnnoU 

Genefally, the selected sio^ cihain aitfibodtea 

in purified fatm togediBr with phsOTiacologically a^ipropnate earners. TVpicaDy, these 
earners indhide aqueous or alcohoHc/aqneoos soMons, emulsions or suspensions, any 
including saline and/or bttfifered mjedia. pansntBral vetuctes includ© sodima dslonde 
sohitlon. Ringer's dexlrose, dradxose and sodium cMoride and laclated Ringer's. 
Suitable pihysaologicalty-acceptahle acljuvants, if necessary to keep a polypeptide 
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CQiEjjlex in suspension, be chosen fiom thuieners sudi as 
caibcsxamefeylceUxil^ polyvii^ylp5TO>Kdane> gdatm and Offostss. 

IntxaveDOos irehtcjes inohide JEtaid and nutrient repleoish«» and dectrolyfe • . 
replcnishsES, sudiasihose based oaRingei's deodrc^ Ftesemtives and other 
addilives^ sQchas antimicroUdls^ dndoxidant^ ehftTqting agonts and inert gases; may 
abo be present (^Jia6ka982)lte^^ IfifhEdition). 

The s d ec tad sbgjLe afaain antibodies in^nfngfi^Bmentstheieof, of tbe present 
invBOtionznqybeused as separately adrmrristersd ponq>osifions or in coi^nncdon wi&i 
oflieragen&s.'niefie can include various izmamiotlierapeadcdnigs»Eudb^ 

cyclogxairia^ TPgftnftrgVHtft^ sk^t^fijpymn ftlgpTgritittirL, smrf fmrntw^t^'ng 

Fhatmacoutical canqKisHions oanincinde "co^^lctials^ of Rations cytotoxic or oQitt 
agfinteiiz ccmjunctibn'mtbrihe selected antUiil^^Iibi^^ Fa:esent jiijc^r^^ 

or even Opnihmectioxis of lihe. selected antTbodi^^aca^ pii^seot iaveso^ / - 

Hie route of admndstratiQn of plijazznacenticaj^i;^^^ acconlxi^ to the iiitVm^ 

maybe any of those oommonly known to ftiose of ordinary doEindie art For<fagr a py» 
inchnfiog vridiout limitadon imnmnotiierapy, tius selected ^otibodies, leoeptoxs or 
binding jsotems Hieteof of tiie invention can be admirHstered to any pstLent in 
ajccordance ^witb. standard tedmiqpea. The adminisbalion can b e by ^ly Jip ii i^ipna fy 
mode, including parenteraHy, intravenously^ intranvuscularly^ intrapedtoneally, 
transdfitmallyj vialbe pulmonary xonte^ or alsOp appsopdotely, by direct infusion ^with a 
oathefET. The dosage and fcequoacy of adnrnustration "will depend oa the agiQ^ sex 
condition of the patient^ oonatxrrent adm inistrati on of other drags,. oountexindicalions 
G(nd otluTpatameteirs to be taloen hato ggort tmt hy ^.^^TtTf*fft T|^ 

The sdeoted antibodies^ of this invention can be lyophilised for storage and 
xeoonstxtuted in a suitable earner prior to use. Knovm lyDphilisation and i:eoonstitatlon 
teclnugues can be employed. It be appieciadied by those Skilled in the art thax 
lyopluKsation andreconstitation can lead to varying degcees of flmotionaL activity loss 
and that use levels may have to be adjusted upward to com^^ 
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lhadditioii, anlibocEes abcjcoidin^ 

against axitiga3sv?hiciiai^ specific 
5 Gib£ii!g& doting^ d.sjhf6ndisGa$0 states* 

For cgrtam purposes such as dBagnflstio or Iradng purpft&fes lahela may fc^ fffMgd . 
Sm^le labels ind-ude Iwt ate aot Imdtpd to any of flie fenowmg^ raAnaetriiB inT^ftt ? 
NMR spin labels and flnoresceDt 
10 &iniliartofiioseski^ 

Examples of ^diaUe xadioactxve ]abel3 include tedmjetiiQXL 99m ^^o) or iodixi0-123 
5 Labeib ^ndi as iodin&-123^ lodicte-3 J3, indinm-ipi, fluOxxne-lP, «uliqz3hl3, ^- 

.lyv,- .15^ T;*^^ Labels sudias llC3nfilMcfl;rii^oaadIT)# -^r, 

ttchmque of posrtrcin 

jfet Tismg PET are femfliar to lihose skilled in the art f " ■ ■ : 

A soxtaMe fhunn^ QFP aaditsmmaat^maybe 

20 jS^rafiicsised toge^fiifir imtiL ths antibodies cxf ^die present invention or target molecule by 
e3q>;re$9ran ^isxOTo^ 

art For example> a tranjscnption unit may be coisstracted as an in-fcame fu^on of the 
desited GFP ffid fi^ znnnxmo^ebti^ 
above» using ccnDtvezxtiosnal PGR cl^^ 

25 

Antibodies according to the present invention may be lab^ widi any agent ocqp^le 
of generating a signaL Tliesignd may be any detectable signal, such as iJieindn^ 
of the ecTqxression of a detectable gene product. Examples of detectable genDej^oK^ducts 
include biojumin^cent polypeptides, such as ludtferase and GKP» polyp^d^ 
30 detectable by specific assays, audfci 35 befa-galactosidaseari^ 

which modulato the growth ch a r a ctHiistics of llie host ceSL^ snch aa engymea Teqni'YftH 
£3r metabolism ^cicit as HIS3» or an^ 
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Ths coxgjositions containing tie present selected antibodies of the jnesentinveKtiQii o 
B cocfctafl thereof can be administered fi« pnq^ 

racstdn fterapewic aj^Boa&ons, an adegnate amount to aocanq)HshaHeaat partial 
S «Mbition.si^p£6ssian^OTOdn^ 

popnlatiott of selected cells is deSnad as a •'thfiiq)datioany.«£fective dosa^ Amounts 

needed to adaew tiis diMage wOI depeiri i^on the severity 

genaffll slate offhepatient^s o^imnswje aysten^ 

5.0 ing of selected singia diaia anfiboOy per kilosr^ 
0 0.0005 to 2.0 mg^doBdbeiqgincare ooaowsnly iised. PwpwiiihylactLc applicationa, 

composilionscontainiEgaepjrcsentsel 

^ be adnnnistesed in iOxiil^ 



remove a target cell population from a hfiDetogHiBous coUeeOou ctf" cells. Blood ftom & 
20 w^wmalm^te combined ^xteacoiporea^^ 

TBceptots <ir binding proteins thereof -whereby the tmdesired cdls 09 killed or 

Mhervrfse leinaved froni^ blood for iwtiim to aeinam 
stand teofacdqaeis. 

25 Ift a furfhera^pertiaie present iavienli«ipix)v^ 

antibody as hferrfn described as an intraceThilar MmBng reag ninf 

AnllboeBes of Ihepreseait invwition can be esEpressad in any ceJl type and xn^ bind to 
and aflfectihe finwrtion of any intraoennlar component. Inl^^ 
30 be£}rcxan]plec6nxponeQtsoflhe<7tosjod^^ 

eKpresadon and/ortheregulatioai of ^ipresaon, enzymes ornwleccaes involved in ihe 
wgoiatioa of fiawtion of odhdar ©on^ionfiMs. CtaB 
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that fhis Kst 15 not iQtBQdbiio1)e esdiatisl^ 

taayme inhibitor, an antibody of l2e present iuvendon may inoease ardecxease fbe 
acdvi^ of Ihe aazyme, llie aclhre ste of enzymes is of^ 
m fte protean sui£iceu Sndli sites arc not soaaaily inrnxonogBQic fat catrvendonAl 
5 aa^MfiS (NTovotay et al» (1986) l»roc Nat. Acad USA. 83. The long BB loop of 
angle cham ant£bo<Ses according to tiie present imvent^onpraetEOGBs deeply iucto tiie 
activeaita of enzymes, allowbg-dienilo act as efiSdeat en2ymemlubitois. 

Ja particular the single diain antibocBe^ aad/or fiagmants md/or compositions &eieof 
10 of ifae present inveption may be of particular use as anri-orfaal and/«r anHKanfti^ria)^ 
odemal iqiplicationsi fcr instance In fbe foim of creams for sjcin, vaginal application 
and so on. Bi sddiiiojk, anitibodiea ffasments and compositions acconljng totbcpieseatf 
>■ imreation. may &ioL nee in treating egrnmnfint sndi as placea -wfaera {jjipeni ymi^ i^ - 
^Arijs>:itrfi*rtiora-^j^^ ^ 

■^)^ maybeofpaiii^Eilr usem fio^rf^ 

iraiits. FurthemMreli the antibodifcs, fiagoKDts thereof and oomposftiSof the pres^ 
ioveixdoninay :^ij^iBein^tr^^ 
naluial tissue. For gxaogte state or bone nianow infected 

20 fix additiaD^a&erfbicQoTC may be added to antibodies 

as ttaogMttt-ponfides and/or fimctioaal moiedaa prQviA'T>g an hnaymin fin^H*r: far 
oan^le Idnases, prateaseSi phosp^iatasesL. d»«^ 

en^srmes, snmolalioa enzymes, meSiylaaes ete. gnrfi mmw e , ofho: andbodioB m^be 
attached to 1bc sing^ ciiafn antibodies, or fiagmexits thexetf aceoiding to -Qie preseot 
25 inrailion. Those skUledk^ ait 
exSumsiive. 

AH publications meaitlonad in fte abovo specifloation ate her&n incorpoiated hy 
reference. Vadous modifications and variations of the described methods and system 
30 oftte present in?rention-«vifl be S5>paren* to lihos^ 

fixantiic scope and ^riritoflbe present invention, AMhongh die present invcntiooa has 
been dsscdbed in ccmne<aioii ttilh qpetafic preferred embp ffi mfrntSi ft shftiiM be 
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Bnderatood that flie inv8!nti<m as claimed ^uld not be mduty limited to sncih spedfic • 
^obodimeiits. Indeed, yariqu^mwBficadoDSOftiie described modes fecaciy^ 
ihe inyen&m wMdi are obviotis to ibose sidlled m Modifiniistry, t»y%|««i]|^ Triology 
and bMfteohnal<»gy or idated fields are jntend^ 
clanxis. 



